Method for Intelligent Sampling of Particulates in 

Exhaust Lines 



Background and Summary of the Invention 

The present invention relates to integrated circuit structures and 
fabrication methods, and more particularly to improving yield analysis 
by monitoring exhaust products. 

Background 

Particulates are a persistent plague in practical wafer processing. 
Most useful deposition or etch processes have some tendency to 
generate unwanted solid particles; unless such particles are significantly 
smaller than the minimum dimension of the integrated circuit strue- 
tures, they are always a potential source of defects. For example, in 
a deposition process, some small fraction of the material being 
deposited may nucleate in the vapor phase to form free particles, or 
may nucleate on the chamber walls to form particulates which can be 
dislodged later by (e.g.) random vibrations, radiant heating, and/or 
ultraviolet illumination. In an etch process, some of the etch product 
may undergo secondary reactions to form solid particles. The transport 
of the wafer itself can generate free particles of the wafer material. 
The chamber itself can never be regarded as completely clean, and one 
of the considerations in designing the gas flow streams in a reactor is 
the inevitable entrained particulates (which preferably should exit with 
the flow of exhaust gasses, and not adhere to chamber walls or wafer 
surface). 
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The science of yield management is one of the most critical parts 
of semiconductor processing technology. Wafer fabrication processes 
are usually pushed to the ragged edge of engineering ability, so that 
yields may be, for example, well below 50% in a cutting-edge process, 
or above 90% in a highly refined process. Since a wafer with 10% 
yield is just as expensive (or cheap) to make as one with 90% yield, 
the yield is a key determinant of the economics of integrated circuit 
fabrication. The present application discloses new techniques and 
systems for yield management. 

Due to the many sources of particulate generation, the density of 
particulates in the exhaust from a vacuum chamber is somewhat 
unpredictable. In-sim particulate monitors (ISPMs) can detect the 
presence of particles, but do not indicate the source of particles. This 
leaves characterization and source determination to further inquiry. 

Intelligent Sampling of Particulates in Exhaust Lines 

The present application discloses an irmovative way to determine 
the particulate content of the exhaust from a process chamber. This 
allows the source of the particulates to be identified and eliminated if 
desired. The preferred embodiment uses an in-situ particle monitor 
placed in the exhaust line so that effluent content can be monitored. 
When the particle count exceeds a certain threshold (or upon some 
other predetermined event, such as a timing event) a particle sampling 
device is inserted into the exhaust stream. In the preferred embodiment, 
the particle sampling device comprises a moveable wand with a 
collector on the end. This collector can be easily removed and placed 
in an analysis tool, such as a SEM. 
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Advantages of the disclosed methods and structures, in various 
embodiments, -can include one or more of the following: 

- improved particulate diagnosis by capturing the physical particle 
which causes the ISPM excursion; 

- reduced defect density in integrated circuits; 

- lower time to characterize and eliminate particle sources on equip- 
ment; 

- ease of transfer of particulates from sample collection to sample 
analysis; 

- ability to further differentiate particles by capturing only those 
particles exhausted during the exact time frame when the ISPM signal 
is abnormal. 
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Brief Description of the Drawings 

The disclosed inventions will be described with reference to the 
accompanying drawings, which show important sample embodiments 
of the invention and which are incorporated in the specification hereof 
5 by reference, wherein: 

Figure 1 shows a processing chamber and exhaust equipped with 
the innovative particle sampling system. 

Figure 2 shows a sampling mechanism for a wet bench according 
to a preferred embodiment. 
10 Figure 3 shows an alternative embodiment of the innovative 

sampling system. 

Figure 4 shows a block diagram of an embodiment that monitors 
electrical systems of the process chamber. 
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Detailed Description of the Preferred Embodiments 

The numerous innovative teachings of the present application will 
be described with particular reference to the presently preferred 
embodiment. However, it should be understood that this class of 
5 embodiments provides only a few examples of the many advantageous 
uses of the innovative teachings herein. In general, statements made 
in the specification of the present application do not necessarily delimit 
any of the various claimed inventions. Moreover, some statements 
may apply to some inventive features but not to others. 

1 10 The present application is directed at improving yield analysis by 

5j identifying or characterizing the chemical composition of particulates 

111 in exhaust lines in order to diagnose the source of the particulates and 

"V to eliminate it. In one embodiment, this is done by the use of an in-situ 

fl particle monitor in the exhaust line. The ISPM (for example, an HYT 

N 15 model 70 sensor) monitors particle flux as a function of time. When 
3 particles are detected they can be sampled at that exact time. Other 

embodiments use different means to trigger collection of an exhaust 
sample, such as changes in the electrical control signatures of the 
process tool. These and other embodiments are discussed more fully 
20 below. 

In a preferred embodiment, a collection wand is automatically 
inserted into the exhaust line when triggered by the ISPM. The ISPM 
will trigger the wand when the particle count exceeds a predetermined 
set point. Insertion of the collection wand at the precise time that the 
25 high effluent count is observed by the ISPM ensures that the desired 
particles, i.e. those observed by the ISPM, are collected. This allows 
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the chemical composition of the particles in the exhaust to be analyzed 
so that the source of the particles may be diagnosed and eliminated. 
After sampling, the collection wand is transferred to a scanning 
electron microscope or other tool for chemical or physical analysis 
(depending on the analysis tool used). 

The ISPM monitors the exhaust during the entire process, or any 
single phase of the process, as desired. For instance, a process might 
comprise wafer introduction into the chamber, chamber evacuation, 
preheating, turning on power, turning on gasses, mming on power to 
begin deposition, turning off power, turning off gases, ventilating the 
chamber, and unloading the wafer. The ISPM can be controlled to 
trigger sample collection at any change of particles in any or all of the 
phases of a process. 

Figure 1 shows a processing chamber with exhaust according to 
the preferred embodiment. Exhaust 102, possibly containing particulate 
produced in the process, flows from the processing chamber 104. 
Simated within the exhaust line 106 is an ISPM 108 which collects 
particle data monitoring particle flux as a function of time. Down- 
stream of the ISPM 108 is a particle sampler 110 in the form of a 
wand with a collection surface at the end. The sample collector 110 can 
also be placed upstream, which might have the advantage of sampling 
particles that adhere to the walls and do not make it far from the 
chamber exhaust portal. The collection device can be extended into the 
exhaust or retracted into a housing, isolating it from the effluent by a 
sliding door. The wand placement might also vary, choosing to sample 
closer to the walls of the exhaust or the center. 

Depending on the particular tool, the exhaust line can bend 
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before or after the collector insertion point. This can affect the quality 
of the sample; since some particles will adhere to the walls and not 
travel well around comers. 

In the preferred embodiment, the ISPM 108 sends the particle 
data to a computer system 112 that monitors the particle count. When 
the count exceeds a predetermined threshold, the computer 112 
automatically extends the sampling device 110 so that the collection 
surface is exposed to the particles in the exhaust 102. After sufficient 
exposure (or after the particle count is reduced to below a predeter- 
mined threshold) the collection device is retracted into its housing. Any 
predetermined event can serve as the trigger, including high particle 
count, timing events, or the detection of an exhaust constiment that is 
desired to be analyzed. 

Figure 2 shows a sampling mechanism for a wet bench which 
represents a contemplated but less preferred embodiment. A sampling 
line 202 connects to a recirculation line 204 that contains effluent to be 
sampled. Valves 206 isolate the sampling line 202 and filter 208 
housings from the recirculation line 204. These valves 206 are slaved 
to the ISPM (not shown), so that when the count exceeds a predeter- 
mined threshold (or upon a different specified triggering event) the 
valves 206 open allowing the flow to enter the sampling line 202. This 
allows the filters 208 (i.e., the sample collection devices) to be used at 
their most sensitive by not exposing them to the passing liquid until an 
excursion begins'. Diversion of flow into a sampling region (instead of 
sampling^ the direct flow of exhaust from the chamber) can be done 
with either wet (liquid) or dry (gaseous) exhausts. 

Figure 3 shows an alternate sample collector design. An exhaust 
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line 302 exits a reaction chamber 304. A baffle/sample concentrator 
306 is located -in the exhaust line 302. The baffle 306, if used, focuses 
the solid particles to the center of the exhaust pipe, and can comprise 
a funnel shaped device or a straight mbe. An ISPM 308 is located after 
the baffle 306 (though in other embodiments, the ISPM 308 may be 
located upstream of the baffle 306, if used) and is connected to trigger 
a valve 310 in a sample collection line 312. In this embodiment the 
collection line 312 is a straight pitot mbe inserted into the exhaust 
flow. When the particle count exceeds a predetermined threshold (or 
at a specific tuning event), the ISPM 308 will cause the valve 310 to 
open, allowing particulates to enter the sample collection line 312. The 
collection line 312 is in-line with the exhaust path so the particles have 
a straight path to the sample collector 314, decreasing the chance to 
lose particles to sidewall adhesion, for example. 

The collector in the preferred embodiment uses a membrane 
fiher, though other types of filters can be employed. 

In the preferred embodiment, the wand insertion occurs precisely 
when the high level particle flux is detected. This allows the wand to 
collect particles from that particular source, avoiding extraneous 
particles tiiat might otherwise occur at some point in the processing. 
The wand collection platform is designed to accommodate a minivac 
filter membrane or a silicon substrate which fits into a SEM or other 
analysis tool. 

In the preferred embodiment, the collection wand is a moveable 
sampling^ arm that can be inserted into the exhaust line. Multiple arms 
may be provided to collect different samples activated by different 
timing events or ISPM thresholds. The wands can be stacked vertically, 



Texas Instruments 



Page 8 



TI-25047P 



horizontally, arranged as the spokes of a wheel, or any other conve- 
nient configuration. The sampling devices may be permanently 
mounted to the equipment or may be removeable so as to be useable on 
different equipment, depending on the exact uses desired. A loadlocked 
version may be used in some embodiments for collecting and transport- 
ing special samples. 

Figure 4 shows an embodiment that triggers sampling by 
monitoring one or several electrical control signatures of the process 
tool. A monitoring system 402 is connected to the electrical control 
systems 404 of the process chamber 406 and monitors an electrical 
control signature such as gas flow controller signals, forward power, 
reflected power, infrared emissions, or other signals. Any abnormality 
in the signamre of the monitored system or systems triggers the 
collection of a sample by any of the various means discussed in other 
embodiments (e.g., collector 410). What qualifies as a triggering event 
could be defined as any flucmation of the signature outside a threshold 
range of acceptable values, for example. 

In another embodiment, the electrical control signal monitoring 
is used with an ISPM 408 monitoring particle flux. Whenever the ISPM 
408 detects a particle, the signal of whatever system being monitored 
is noted and associated with the particle excursion. (Note, some other 
aspect of the process tools can be monitored, other than just the 
electrical control signamres. Changes in the gas flow controller signals, 
forward power, * reflected power, infrared emissions or any other 
observable signal firom the process tool such as optical emissions or 
endpoint detection indicators can be monitored as well.) By collecting 
samples and analyzing them, that type of signal variation that occurred 
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at that time can be reliably associated with that particular type of 
particle excursion. In this way, a repertoire of signals can become 
associated with particle excursion so that monitoring the control signals 
provides more information for particulate analysis. 

In the previous embodiment, the detection of a particle by the 
ISPM triggers particulate collection. In another embodiment, the 
electrical control signatures themselves can also be used to trigger 
collection (with or without an ISPM). For example, any signal variation 
that is already known to be associated with a particle excursion can be 
used to trigger sample collection. 

Along these lines, the electrical control signal (or other signals 
that are monitored) monitors which are used to trigger sample collection 
can be "trained" to recognize the type of particle associated with a 
particular variation in control signature so that the cause of the particle 
excursion can be more easily diagnosed. After a sufficient repertoire of 
signal variations are associated with the proper causes of the variations, 
sample collectors and/or ISPMs need not be used. This is because, 
since the signature of the monitored control system has previously been 
determined to be caused by a given problem with the system, the mere 
detection of that signal variation can alert the tool's operator to the 
nature of the problem without the need to collect and analyze a particle 
sample from the exhaust. 

For example, the control systems monitor can be used to monitor 
reflected power in the process chamber's electrical control system. In 
order to "develop a repertoire of reflected power signatures that are 
correlated with a particular particle excursion, an ISPM and a sample 
collector are also used. When the ISPM detects an excursion, the 
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collector collects a sample from the exhaust to be analyzed. The 
characteristics- of the reflected power signal during (and/or before) die 
excursion is identified with that particle excursion (whatever analysis 
determines it to be). This continues, and each particle excursion causes 
collection and analysis, and the control signatures from each of the 
excursions are correlated to with their respective excursions. 

Using this method, the control signals themselves become the 
indicators of the source of particle excursions because when a recog- 
nized variation in the monitored signal happens, the source of the 
excursion can be predicted from the variation itself, without the need 
to acmally collect a sample. That variation in the signal is compared to 
the repertoire of known signals and their related types of particle 
excursion (which was developed using the above mentioned method). 
If the signal variation matches a known signal variation, the source of 
the particle excursion will also be known. (Note that this technique may 
or may not be accompanied by an ISPM and/or a collection device.) 

In other embodiments, the signal monitor (which controls 
triggering of sample collection) can be connected to any type of 
detection device, such as an optical detector, if desired. Any observ- 
able on the process tool that is associated with a particle excursion, or 
is merely abnormal, or goes outside a threshold range, or exhibits any 
other identifiable characteristic, can be used to send the collection 
device into effect and to aid in analysis. This rapid feedback not only 
helps determine tiie probable cause of the excursion, but can also let the 
equipment user know when it is safe to continue using the tool. 

These methods of sampling collect effluent from the exhaust at 
the precise time it is produced. By collecting the effluent on a sample 
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holder that mounts on a scanning electron microscope or other analysis 
tool, the collected sample may be easily analyzed. This technique 
facilitates rapid problem solutions by providing information about the 
effluent necessary for elimination of the source. 

This method of particulate sampling allows a sample to be 
collected real time and without disturbing the process or equipment. 
Once the sample is completed, either after a given amount of time or 
the particulate count returns to a baseline, the valves automatically 
close and the sample can be removed for immediate analysis. Analysis 
methods can vary and include SEM, EDS (Energy Dispersive Spectros- 
copy), ICP (Inductively Coupled Plasma analysis), or other analysis 
methods can be used. 

The presently disclosed innovations allow superior particle 
collection and analysis, reducing the time to identify and eliminate 
particle sources in the wafer manufacturing process. The tool also 
assists in rapid resolution of defect excursions. Products will benefit 
from reduced defect density and lower times to eluninate particle 
sources on equipment. 

Modifications and Variations 

As will be recognized by those skilled in the art, the innovative 
concepts described in the present application can be modified and 
varied over a tremendous range of applications, and accordingly the 
scope of patented subject matter is not limited by any of the specific 
exemplary teachings given, but is only defined by the issued claims. 

While the inventions have been described with reference to a 
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single processing chamber with exhaust, it will be readily recognized 
that these innovations can be applied to processes using cluster tools or 
other multiple chamber configurations. 

Likewise, the exact method of monitoring the effluent is not 
limited to the use of an ISPM, since other means of detecting exhaust 
content may exist or be developed in the future. Any method of 
triggering exhaust sampling is within the contemplation of the present 
application if it employs the innovative concepts herein described. 

For instance, redirecting part of the exhaust, removal of the 
exhaust, or in-situ monitoring of the exhaust are all possible means of 
implementing the present innovations. 

Likewise, different aspects of processing tool performance can be 
substituted for the electrical control systems which are monitored in 
some embodiments. For example, optical detectors placed to view 
relevant areas can be used to program or trigger the system. 

The type of triggering mechanism can be automatic or might also 
be designed to require an extra step (such as operator intervention) 
before sampling is done. 

Additional general background, which help to show the knowl- 
edge of those skilled in the art regarding variations and unplementations 
of the disclosed inventions, may be found in the following documents, 
all of which are hereby incorporated by reference: 
Coburn, Plasma etching and reactive ion etching (1982); 
Handbook of plasma processing technology (ed. Rossnagel); 
Plasma Etching (ed. Manos and Flamm 1989); Plasma Processing 
(ed. Dieleman et al. 1982); Schmitz, CVD OF Tungsten and 
Tungsten Silicides for VLSI/ULSI applications (1992); 
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Metallization and Metal-Semiconductor Interfaces (ed. Batra 
1989); VLSI: Metallization: Physics and Technologies (ed. 
Shenai 1991); Murarka, Metallization Theory and Practice for 
VLSI AND ULSI (1993); Handbook of Multilevel Metallization 
FOR Integrated Circuits (ed. Wilson et al. 1993); Rao, Multilevel 
Interconnect Technology (1993); Chemical Vapor Deposition 
(ed. M.L.Hitchman 1993); and the semiannual conference proceedings 
of the Electrochemical Society on plasma processing. 



Texas Instruments 



Page 14 



TI-25047P 



